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GLIIHUHQW W\SHV RI SUREOHP FRPSOH[LWLHV PDLQO\ LQ JHWWLQJ FRPSXWLQJ UHVXOWV DQG DW WKH HQG DUH H[SODLQHG WKH
IROORZLQJUHVHDUFKVWHSV7KHPDLQREMHFWLYHRIWKLVDUWLFOHLVWRVKRZKRZWRPRGHOVXFKUHDOORJLVWLFV\VWHPVZLWK
WKH SXUSRVH RI D IRUPXODWLRQ RI DQ RSWLPL]DWLRQ SUREOHPZLWK SUDFWLFDO WDUJHW IXQFWLRQV DQG WR VKRZ WKDQ E\ D
FRPSXWHGUHDOV\VWHPZKDWDUHWKHUHVXOWVDQGEHQHILWVIRUGLIIHUHQWVWUXFWXUHVRIDSSOLFDWLRQV
3UREOHPIRUPXODWLRQ




SDOOHWXQLWVQHHGHG WRFRQVROLGDWH WKHRUGHUVKDYH WR UHPRYH IURPKLJKED\ZDUHKRXVHE\ WKH VWDFNHU FUDQHVDQG
WUDQVSRUWRQWKHFRQYH\RUVWRWKHRUGHUSLFNLQJSODFHVDVVKRZQ
7KHUHLVSODFHGWKHRUGHUSLFNHUZKRWDNHVRXWFHUWDLQSLHFHVRIJRRGVRIWKHSDOOHWVDQGSXWWKHPLQWRDSURYLGHG
FRQWDLQHUZKLFK LV WKHQ WUDQVSRUWHG WR WKHDXWRPDWLFFRQWDLQHUVWRUDJH6LQFH WKHSLFNLQJRIRUGHUVRFFXUV LQ WZR




RUGHU DUH VWRUHG LQ WKH DXWRPDWLF FRQWDLQHU VWRUDJH WKHVH KDYH WR WUDQVSRUW DQG SDFN DW ZRUNLQJ SODFHV RI ILQDO
SDFNLQJDQGFRQWURO37KHUHLWLVWKHWDVNWRSDFNWKHGLIIHUHQWDUWLFOHVLQWRDFRPSOHWHFXVWRPHURUGHUXQLWDQGWR





WKH EDVLV RI H[SHULHQFH0RUH DQGPRUH KRZHYHU WKH SODQQLQJ RIPDFKLQH VFKHGXOLQJ LV XVHG LQ WKH FRQWH[W RI
PRGHUQ PHWKRGV RI 2SHUDWLRQV 5HVHDUFK DQG $UWLILFLDO ,QWHOOLJHQFH HVSHFLDOO\ LQ RWKHU VLPLODU SUREOHP DUHDV
1HXPDQQ.  ,QPDQ\ DSSOLFDWLRQV WKLV SODQQLQJ LV IXUWKHU VXSSRUWHG E\ DQ HOHFWURQLF FRQWURO LQWHUIDFH
FRQVROHIRUYLVXDOL]DWLRQ%DSWLVWH3/H3DSH&1XLMWHQ:
,QWKHVWXGLHVRQWKHPRGHOLQJRIVXFKV\VWHPVWKHGHFLVLRQLVWDNHQRQIOH[LEOHIORZVKRSSUREOHPVDOVRFDOOHG
))6 SUREOHPV RU K\EULG IORZ VKRS SUREOHPV OLNH /RFN +&5 %UHLWOLQJHU 6  7KH\ UHSUHVHQW D
JHQHUDOL]DWLRQRIWKHIORZVKRSSUREOHPV+HUHDUHFRQVLGHUHGPPDFKLQHVLQVWHDGRIPPDFKLQHOHYHOVRQHDFKRI








7KHEDVLFPHWKRG IRU VROYLQJ))6SUREOHPV LV WDNLQJDGLYLVLRQ LQWR WKUHH VXESUREOHPV7KH ILUVWSDUWRI WKH
SUREOHP LQYROYHV WKH DVVLJQPHQW RI MREV WRPDFKLQHV DW HDFK VWDJH UHVRXUFH DOORFDWLRQ WKH VHFRQG SDUW RI WKH
SUREOHPGHWHUPLQHVWKHVHTXHQFHVRIMREVRQHDFKPDFKLQHVHTXHQFLQJDQGWKHWKLUGFRQVLVWVRIWKHVHWWLQJRIVWDUW
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WLPHVIRUHDFKMREWLPLQJ$OUHDG\IRUP DQGWZRSDUDOOHOPDFKLQHVRQRQHOHYHOGHVSLWHVPDOORUGHUTXDQWLWLHV
ZLWK FRQYHQWLRQDO PHWKRGV LV GLIILFXOW WR VROYH WKH SUREOHP H[DFWO\ ZLWK UHDVRQDEOH FRPSXWDWLRQDO HIIRUW
%OD]HZLF]-(FNHU.6FKPLGW*:HJODU]-
3.2. Model of the material flow system 
7KH DLP LV WR LPDJH DYHU\SUDFWLFDO VWRUDJH DQGRUGHU SLFNLQJXVLQJPRGHUQPHWKRGV RIRSHUDWLRQV UHVHDUFK
%DVHGRQWKLVPRGHOLWLVSRVVLEOHWRFDUU\RXWLWVRSWLPL]DWLRQLQWHUPVRIWKHVHTXHQFLQJRIRUGHUV7KHLGHDLVWR







,QDGGLWLRQ WKHUHDUHRWKHUHOHPHQWV WKDWDUHQHFHVVDU\ IRUPRGHOLQJ(OHPHQWVRIPDWHULDO IORZV\VWHPZKLFK
HQVXUH WKH WUDQVSRUW RI WKH SDOOHW XQLWVSLFNLQJ SRVLWLRQV RQ WKH FRQYH\RU IURP WKH SODFHV RI UHPRYLQJ LQ WKH
ZDUHKRXVHDLVOHVWRWKHSLFNLQJDUHHTXDOO\LQYROYHGLQWKHDQDO\VLVDVWKHEXIIHULQJRIWKHFRQWDLQHULQDILQLWHVL]H
VRUWPHPRU\7KHUHVXOWLQJWUDQVSRUWWLPHVDUHVXPPDULO\FDOFXODWHGE\WKHFRQYH\LQJWLPHVDQGSURFHVVWLPHVRIDOO
HOHPHQWV RI PDWHULDO IORZ WKDW DUH LQYROYHG LQ WKH WUDQVSRUW FKDLQ 7KLV WDNHV LQWR DFFRXQW WKDW WKH HOHPHQWV RI
PDWHULDO IORZ DUH UHVRXUFHV WR EH RFFXSLHG E\ D FRQYH\RU HOHPHQW RU SDOOHW XQLW IRU D SUHGHWHUPLQHG WLPH $
EUDQFKLQJ HOHPHQW IRU GLVWULEXWLRQ LQ WKH IRUP RI D URWDU\ VZLWFK LV IRU H[DPSOH D ORQJHU WLPH RFFXSLHG E\ D
FRQYH\RUHOHPHQWWKDWUXQVWKURXJKWKLVLQGLVFRQWLQXRXVGLUHFWLRQDVRIDFRQYH\RUHOHPHQWLQFRQVWDQWGLUHFWLRQ
7KH VRUW PHPRU\ LQ WKH IRUP RI DQ DXWRPDWLF FRQWDLQHU VWRUDJH DOVR SURYLGHV D UHVRXUFH 7KH EXIIHU WLPH RI D
FRQWDLQHULQWKH$%/LVGHSHQGHQWRQKRZORQJLWWDNHVIRUWKHRWKHUFRQWDLQHUVWKDWEHORQJWRWKLVRUGHUEHUHFHLYHG
LQWKH$%/2QFHDQRUGHULVFRPSOHWHGDOOFRQWDLQHUVDUHUHPRYHGLQEDWFKDQGWUDQVSRUWHGWRWKHSDFNLQJVWDWLRQ
,Q)LJ  WKHPDWHULDO IORZ LV VFKHPDWLFDOO\ VKRZQ LQ D WZRVWDJH VWRUDJH DQGRUGHUSLFNLQJ V\VWHP7KH VWRUDJH




PXVW SDVV VHYHUDOPDFKLQHV VWDJHV LQ D IL[HGRUGHURU VHTXHQFH WRZKLFK\RXKDYHPXOWLSOH LGHQWLFDO SDUDOOHO
PDFKLQHV
3.3. Orders, jobs and operations  
,WZLOO QRZ EHPDGH D UHODWLRQVKLS EHWZHHQ WKH SURFHVVLQJ RI MREV LQ DPDFKLQH VFKHGXOLQJ SUREOHP DQG WKH
H[HFXWLRQRIRUGHUVLQDWZRVWDJHVWRUDJHDQGRUGHUSLFNLQJV\VWHP,QRSSRVLWHWRSODQQLQJRIPDFKLQHVFKHGXOLQJ















































7KHEHJLQQLQJRI WKHSODQQLQJSHULRG LV FRQVLGHUHG HTXDO WR ]HURZLWKRXW ORVVRIJHQHUDOLW\$FFRUGLQJ WR WKH
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Min Cmax with Cmax := max {C j ~ j = 1, ..., n}. 
4.2. Minimizing the sum of order completion times  












6ROXWLRQPHWKRGIRU WKHRSWLPL]DWLRQRIRUGHUVHTXHQFHVDOVRFDOOHGVFKHGXOLQJSUREOHPVDUHSULPDULO\ LQ WKH
DUHDVRI2SHUDWLRQV5HVHDUFK25DQGDUWLILFLDOLQWHOOLJHQFH$,8QOLNH25PHWKRGVDLPHGDWRSWLPL]DWLRQEDVHG
$,PHWKRGVIRUSHUIRUPDQFH&KYDWDO97KDWPHDQVWKDW LW LVVXIILFLHQW WRJHQHUDWHDFFHSWDEOHVROXWLRQV
7KHWRROXVHGKHUHLVFDOOHG&RQVWUDLQW/RJLF3URJUDPPLQJ&/37KHXQGHUO\LQJLGHDLVDVHSDUDWLRQRIGDWDDQG
SURFHVVDQGDGGLWLRQDOO\DQDOJRULWKPLFVROXWLRQPHWKRGRORJ\WKDWLVEDVHGRQ25DOJRULWKPV7KHDLPLVWRUHGXFH
WKH VHDUFK VSDFH E\ FRQVWUDLQWV UHVWULFWLRQV DQG YHU\ TXLFN WR ILQG SRVVLEOH VROXWLRQV 7KH HIILFLHQF\ RI WKLV
VROXWLRQ SURFHVVHV OLHV LQ WKH G\QDPLF DQDO\VLV RI WKH FRQVWUDLQWV WKDW DXWRPDWLFDOO\ DQG DV TXLFNO\ DV SRVVLEOH
GLVFDUG DOO WKH LPSRVVLEOH VROXWLRQV DQG UHGXFH WKH LQLWLDO FRPELQDWRULDO FRPSOH[LW\ VLJQLILFDQWO\ %HQVH +
























,Q WKLV VHFWLRQ LV VKRZQ LQ D FDVH VWXG\ DV WKH PRGHO GHVFULEHG LQ FRPELQDWLRQ ZLWK WKH GHVFULEHG PHWKRG
&RQVWUDLQW/RJLF3URJUDPPLQJFDQEHGHYHORSHGWRDQRSWLPL]DWLRQWRRO,QJDUJLROD*/H3DSH&
,Q WKH ILUVW VWHS WKH IRFXV LVEDVHGRQ WKH LPSOHPHQWHG WHFKQLFDO LVVXHVRI WKHXQGHUO\LQJZDUHKRXVHDQGSLFNLQJ
V\VWHP 7KHZDUHKRXVH DQG SLFNLQJ V\VWHP LV LQ WKLV FDVH FRPSRVHG E\ EORFNV RI WKH VWDJHV VWRUDJH UHPRYDO
WUDQVSRUWSLFNLQJDQGEXIIHULQJ)RU WKHVWRUDJHDLVOHVZLWK UHWULHYDOPDFKLQHV WKHFRQYH\LQJHOHPHQWVDVVLPSOH
FRQYH\RUV RU MXQFWLRQ DQG GLVWULEXWLRQ HOHPHQWV DQG WKH SLFNLQJ SODFHV DUH VWDQGDUG PRGXOHV LQ XVH ZLWK WKH
SDUDPHWHUV DQG YDULDEOHV VXFK DV VHUYLFH WLPH OHDG WLPH HWF )RU WKLV SXUSRVH ILUVW WKH YDOXHV RI WKHVH PRGHO
HOHPHQWVVXFKDVWLPHFRQVXPLQJPDWHULDOIORZUHOHYDQWVHUYLFHWLPHVDUHFDOFXODWHGIURPWKHVSHFLILFDWLRQRIWKH












QXPEHU RI LWHPV 7KLV UHIHUV WR WKH PHWKRGVSHFLILF VHWWLQJV IRU WKH YDULDEOH DQG YDOXH VHOHFWLRQ $Q RYHUDOO
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DVVHVVPHQW LVSRVVLEOHE\ WKH LPSOHPHQWDWLRQRIGLIIHUHQW VFHQDULRVE\H[DPLQH WKHHIIHFWRIGLIIHUHQW VWUDWHJLHV
7KH DLP LV WR GHILQH RQFH WKH V\VWHP VHWWLQJV IRU RSWLPL]DWLRQ XQGHU ZHOONQRZQ IDYRUDEOH FRQGLWLRQV ZKRVH
NQRZOHGJHLVJDLQHGWKURXJKDMREDQDO\VLVRIWKHSUREOHPFRPSOH[LW\












DQG VFRSH RI DUWLFOH JURXSV 6XEVWDQWLDOO\ LQWHUHVWHG VDOHV TXDQWLW\ VWUXFWXUH GDWD UHODWHG WR WKH VWDWLF VWRFN E\
VSHFLI\LQJKRZPDQ\SLHFHVDUHRQWKHORDGLQJHTXLSPHQWRULQWKHORDGLQJXQLWVRUVXSSO\XQLWV%\G\QDPLFDOO\
FRQVLGHULQJ LQYHQWRU\ DQG VDOHV VLWXDWLRQ LV GHVFULEHG VR WKDW RQH FDQ GHULYH WKH DFFHVV IUHTXHQF\ SHU XQLW WLPH
WKHUHIURP/DVWDUHVRFUXFLDO WKHRUGHUVWUXFWXUHGDWDDQG WKH W\SHVRIRUGHUVVXFKDV WKH MREVL]HRUQXPEHU WKH
QXPEHU RI KLWV SHU SRVLWLRQ WKH IUHTXHQF\ RI UHSHWLWLRQ SHU LWHPV 7KH XQGHUO\LQJ GDWD DUH GRFXPHQWHG LQ WKLV
VHFWLRQWRLOOXVWUDWHWKHGLIIHUHQWDUWLFOHVWUXFWXUHV
7DEOHGLIIHUHQWRUGHUVWUXFWXUHV
VFHQDULR SRVLWLRQV DUWLFHOV RUGHUV VWRUDJHDLVOHV SLFNSODFHV
     
     
     
     
     
     
9DOLGDWLRQRIWKHRSWLPL]DWLRQPHWKRGDQGHIILFLHQF\DQDO\VLV
7KH SUHVHQWHG PRGHO DV WKH EDVLV IRU WKH GHYHORSHG PHWKRG IRU RSWLPL]LQJ WKH RUGHU VHTXHQFH LQ WZRVWDJH
VWRUDJH DQG RUGHUSLFNLQJ V\VWHPVPXVW EH YDOLGDWHG LQ WKH IROORZLQJ FKDSWHU ,Q DGGLWLRQ WKH HIILFLHQF\ RI WKH
GHYHORSHGPHWKRGLVLQWHUHVWHG7KHUHIRUWZRSULRULWLHVDUHVHWLQWKLVFRQFOXGLQJFKDSWHU
7KHILUVWVWHSLVWRVKRZWKDWWKHXQGHUO\LQJPRGHODQGWKHPHWKRGWRRSWLPL]HRUGHUVHTXHQFHDOVRFRUUHVSRQGVWR
WKH SURFHVVHV RI UHDOLW\ 7KHQ WKH VHFRQG IRFXV LQ WKLV ILQDO FKDSWHU WR FRPSDUH WKH RSWLPL]DWLRQ SURFHVV ZLWK
FRQYHQWLRQDO DSSURDFKHV IURP LQGXVWU\ DQGSUDFWLFH ,Q DPRGHUQZDUHKRXVHPDQDJHPHQW V\VWHP RUGHU OLVWV DUH
VRUWHGE\SULRULW\UXOHVEHIRUHWKH\DUHGLVSDWFKHGIRUSURFHVVLQJ,QFRQWUDVW\RXFDQVSHFLI\WKHRUGHUVHTXHQFHE\
WKHRSWLPL]DWLRQSURFHVVDVGHVFULEHG LQVWHDGRI WKHSULRULW\ UXOHVDQGDGGLWLRQDOO\\RXFDQGHWHUPLQH WKH ORDGLQJ
IDFWRURIUHVRXUFHVLQDGYDQFH9HU\LQWHUHVWLQJZLOOEHWKHFRPSDULVRQRIFKDUDFWHULVWLFVRIPDWHULDOIORZIURPWKH
WUDGLWLRQDODSSURDFKHVZLWKWKRVHRIWKHRSWLPL]DWLRQSURFHVV
7KURXJK H[DPSOHV LW KDV WR EH VKRZQ WKDW WKHPRGHO RI WKH RSWLPL]DWLRQ SURFHVV DJUHHVZLWK WKH VLPXODWLRQ
PRGHO ,Q DGGLWLRQ WKH UHVXOWV FRQFHUQLQJ WKH HIILFLHQF\ RI WKH RSWLPL]DWLRQ SURFHGXUH PXVW EH GLVFXVVHG E\
FRPSDULQJ WKHLU FKDUDFWHULVWLFV%HIRUH WKH GHWDLOV RI WKH FRQYHQWLRQDO UXOHVRISULRULW\ UXOHV LQGDLO\ SUDFWLFH DUH
EULHIO\H[SODLQHGLQRUGHUWRVKRZWKHHIILFLHQF\DQDO\VLVRIWKHRSWLPL]DWLRQPHWKRG
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VFHQDULR SRVLWLRQV DUWLFHOV RUGHUV
   







RUGHUSLFNHGDV WKLVZLOOEH WKHFDVHIRUDQRUGHUZLWKRQO\ WZRDUWLFOHV)RU WKLVUHDVRQVLPSOHSULRULW\UXOHVDV















GDWD   =8) :$= 0$= .$, *$,
VXPRIRUGHUFRPSOHWLRQWLPHVRFW     
VWDQGDUGGHYLDWLRQRIRFW     
DYHUDJHSURFHVVLQJWLPHRIRUGHUVSWR     
VWDQGDUGGHYLDWLRQRISWR     
PD[LPXPQXPEHURIFRQWDLQHUER[HV     
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VXPRIRUGHUFRPSOHWLRQWLPHVRFW   
VWDQGDUGGHYLDWLRQRIRFW   
DYHUDJHSURFHVVLQJWLPHRIRUGHUVSWR   
VWDQGDUGGHYLDWLRQRISWR   
PD[LPXPQXPEHURIFRQWDLQHUER[HV   
DYHUDJHQXPEHURIFRQWDLQHUER[HV   
7.3. Results from scenario 6 
$OVR WKH FRPSDULVRQ RI UDQGRP DQG SULRULW\GULYHQ VROXWLRQV ZLWK DQ RSWLPL]HG VROXWLRQ LV FUHDWHG IRU WKH
VFHQDULR7KH UHVXOWVRI WKH VLPXODWHGRUGHU VHULHVRI UDQGRPDQGSULRULW\GULYHQ VHTXHQFHV DUH UHWDLQHGE\ WKH
FKDUDFWHULVWLFVRIWDEOH
7DEOH&RPSDULVRQRIWKHSULRULW\UXOHVVFHQDULR
GDWD    =8) :$= 0$= .$, *$,
VXPRIRUGHUFRPSOHWLRQWLPHVRFW     
VWDQGDUGGHYLDWLRQRIRFW     
DYHUDJHSURFHVVLQJWLPHRIRUGHUVSWR     
VWDQGDUGGHYLDWLRQRISWR     
PD[LPXPQXPEHURIFRQWDLQHUER[HV     
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DOZD\V GLIIHUHQW DOJRULWKPV WKDW OHDG WR FHUWDLQ UHVXOWV 7KLV VHHPV WR EH D YHU\ LQWHUHVWLQJ UHVHDUFK ILHOGZKLFK
FRQFHQWUDWHV KRZ EH GHYHORS LW IRU WZRVWDJH VWRUDJH DQG RUGHU SLFNLQJ V\VWHP ZLWK YDULRXV DOJRULWKPV IRU
RSWLPL]DWLRQ RI WKH SURFHVVHV+HUH FRQVWUDLQWEDVHG DSSURDFKHV KDYH EHHQ XVHG DQG FDQ EH VHW RQ WKH VSHFLILHG
WDUJHWIXQFWLRQV&RQVHTXHQWO\WKLVPHWKRGFDQEHXVHGLQLQGXVWULDOSURMHFWVDQGVHUYHLQWKHVKRUWWHUPSODQQLQJ
VXSSRUWIRUSODQQHUVDQGJXDUDQWHHDVPRRWKSURFHVV$VDQH[WHQVLRQWRWKHDERYHPRGHOLQJRIWKHIXQFWLRQDODUHDV
GHVFULEHGLQWKLVPRPHQWIXUWKHUPDFKLQHVVWDJHVFDQEHDGGHG)RUH[DPSOHFRXOGEHLQFOXGHGDIWHUSLFNLQJDUHDD
SDFNLQJDUHDRUDVKLSSLQJGLVSDWFKDUHD)XUWKHUPRUH WKHZRUNFRQWHQWVDUHVXEVWDQWLDWHGE\VRIWZDUHVXSSRUWHG
SODQQLQJWRROE\TXDQWLI\LQJPHWKRGVXQGHUWHUPVWXGLHV:LWKVXFKDFFXUDWHGDWDVLPXODWLRQPRGHOVFDQEHFUHDWHG
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